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Effect of Compost Amendment on Soil Microbial Community and Pathogen 
Cansing Fusarium Wilt Disease of Spinach 
Gina M. Edurise Escuadra1) • 1) Graduate Schol0/Science andTechnology，Chiba Universi。，
Toshiyuki Usami2) and Yoshimiki Amemiya2) 
2) Grαduα!te Schol 0/Horticulture，Chiba University 
The efect of different composts on soi1 microflora，pathogen and the development of Fusarium w i1tof spinach 
caused by Fusarium oxy伊 orumf. sp. spinαciae，was assessed under three successIve cultivations in the greeIト，
house. Composts ofwheat bran，wheat bran and sawdust，coffee grounds，chicken manure and the mixture of com“ 
posts with or without 5% crabshell were叩 pliedinto the infested soil叫 5%(w/w) 30 days before the first cultiva-
tion and additiona12.5% after the second cultivation. The disease development was significantly suppressed by al 
compost amendments after the second cultivation，most notably in the compost mixtures. In most compost treat-
ments，activation of microbial activity in the soi1 based on the hydrolysis offluorescein diacetate was observed af開 
ter each cultivation with a corresponding increase in the population of fungi，bacteria and actinomycetes deter-
mined by dilution plate technique. Particularly，bacterial population was enhanced more than the population of 
fungi and actinomycetes. Moreover，the bacterial community structure investigated using PCRDGGEanalysis剛 
clearly revealed that compost amendments diversified the bacterial community in the soil. Soi1 fungistasis mea嗣 
sured by spore germination of the pathogen in compost treated soi1s，showed that composts s仕 engthenedsoi1 fun-
gistasis. From the findings reported，we suggest that the shift and modification of the microbial community s佐川幽 
ture induced by compost enhanced competition and/or antagonism among microbes and strengthened soil 
fungistasis leading to the decreased activity ofthe pathogen. 
1992; Hoi耐1k et al.， 1991; Hoin愉1k and Fahy，1986). Suppressiveness 
ctors(Reuveni et白enrelated to biotic rather than abiotic食0出Introduction WI. 1.，a
2002; Garbeva et al.， 2∞4) .Abiotic includes physiochemical factors 
百 leuse oforganic by products such拙 compost拙 soi1 amendment suchωnu凶 entlevels，organic mat総f，moisture and pH. Biotic factors 
is one of吐levery at回 ctiveagronomic p悶 .ctices.百 le凶 eofωmposts on仕leotherhand include microbial population in composωand/or soi1， 
to reduce soilbome plant diseases is gainingthe interestofplantpathol- microbial competition for nu凶 entswi血 pa曲 ogens，加山 ioticproduc剛 
ogi凧 manu恥岡崎 andprocessing industries，re，例制 rs，consumers tion oflytic and other ex肋 celularen均相側， parωitismand predation 
and growers. It is not on1y an atractive waste management 柑 ategy and induction ofhost systemic resistance. Since compost amen命 nents 
against由 eincreasingproblem dealingwi也世 lehuge amount oforganic can cause a shift and modification of曲。 microbialcomposition they 
matter/wastes. Compost aditions的 soil白 vorsplant development and 
凶 mimprove soil q問 lityωwellωsupprl sivenessagainst 組 ysoilbome 
1986; Hoitink and仙1k，2002; Hoin1.， pant diseases (Cotxarrera et a 
Boehm，1999; Keener et al.，2000). Compost amendments therefore 
maintain and enhance出 .efertility and productivity ofagricultural soils 
allowing sustainable landuse. 
S加 dieson the impact of compost on soil have mainly evaluated 
physical and chemical factors，potentialy担lVolvedinplantproductivity 
p削 meters.Evaluations performed bo白血 potand field experiments 
showed由 atcompost amendments not only improve soi1 s飢 lctureand 
actωa sourωofnutrients，but also strongly influ釘 lcethe soil micro-
the addition ofhigh quality，2ω1). Moreover1.， flora (Crecchio et e 
ωmposts may increase社lesoil microbial biomass and enhance micro幽 
bial activity and soil enzyme acti叶 .ty(Albiach et al.， 2∞0; Debosz et 
al). More interes由 191弘 thee妊 ectivenessof compos臼血 controlling 
soilbomeplant diseases causedby乃 ithium，Phytophthora，Rhizoctonia 
orFusarium sp. both in fields and in po制 ngmix出血 greenhousesis 
now well known (Schonfeld et al.，2003，Had紅側 Mandelba肌 
potentially enhance the competition and/or antagonism among mi
crobes，which leads ωdecre側 ac附 ofplantpa由 ogen(Ho血血1k 
and Boehm，1999).百 leaim of仕leprese凶 studyw脳的 haveabeter 
insight into the relative e能 ctof compost on disease development， 
pathogen andmicrobialω，mm山首句f伽血 .edevelopment of:fungis蜘 sis. 
1. Materials and Methods 
lnoculum Preparation 
F. o.抑 orumf叩.spinad仰 (Fos)gf-1 isolate obtain，吋仕 omwilt卿 
ed spinach plant was used. It was maintained in PO阻的 Dex仕 oseAgar 
(PDA) slant at 25
0
C. Theisolate was incubated in anEr1enmeyerflask 
containing 100 rnl ofPotato Sucrose Broth (PSB) for 14伽 ysat250C 
onaro匂:ry shaker.官 le:fungal c叫加 rew;出 passedthrough cheesecloth 
and cen仕 ifugedat 3000x g for 20 min. The bud cels in the resulting 
pelet were resuspended in sterile dis柑 ledwat侃 moculumconcen仕か 
tionw出 determinedby coun由 19cels rnl-1ofsuspension using ahae-
macytomet侃 Conidiosporewas prepared using mycelial disks (5 
・
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mm) ofFos cut from the edges of a 7品 y-oldculture.百 ledisks were 
位置 lsferedinto PDA plates fol1owed by incubation at 250C for・7-14 
days for conidial spore production. Conidia were then scraped :from the 
media and suspended in sterile distiled water. To remove mycelial 
ough伽umwωfiltered，邸the sporana，andgerminated conidi 附.gme伽 
four layers of cheesecloth and washed twice by centrifugation at 5，ωo 
中 mat 4
0C for 15 min.官 leconcentration of conidia was adjustedω2 
X 105 conidia ml-1by adding dis副 ledwat侃PreparationofFos ch1a網 
mydosporew出 conductedfollowing血 emethod by Smi也 andSnyder 
(1971) . 
Suppressiveness 0/Compost to Fusarium Wilt Disease 
百 leexperiments were conducted in the grl侃 nhouseusing a fresh of ch1oroform rewas added to each sanlple to stop the 1)methanol(2:，幽 “ 
field soil (Andisols; 58.0 % sand，35.2 % silt，6.8% clay) obtained 
from仕leChiba University experimen阻 1field (Matsudo City，Chiba 
Prefecture，Japan). The拙 sayswぽ epeぽ orm吋血叫 san阻 dedwith 
difi町四tcomposお prepared企oma variety of fedstocks and orga由 c 
materials such as: wheat bran (Wb)， wheat bran and sawdust (WbSω， 
co能 egrounds (Cf) ，chicken man町 e(Cm) ，and crab shel1powder 
(Cs).Amix加 reofWbSd， Cf， and Cm ata ratio of 2:1:1 (w/w) wi由 
alsoused. 田respectively) wMix)Csand (Mixやrwithout 5% Cs 。，
Eight kilograms of conducive field soil w:ωpl配 edin a pl回 ticcontain-
ers (54 cm X 34 cm X 20 cm) . Calcium carbonate (CaC03) w;出 adω 
edto血 eso目的 adjustthe soil pH to 6.5. The soils w田 inoculatedwith 
the buddin砂 cels山 :pensionof Fos at a population density of 1 X 106 
cels g -1dry soil. Pathogen stabi1ization w加 givendone by incubating 
曲。 inoculatedsoil in a stable condi討onfor 30 days at 25t:.Compost 
W倒 thenadded into the infested soil and was mixed thorou出 ly.lnitial 
applied 30 days prior to ，y-wtbasis) (申 5%compost added was at 
spinach seeding followed by an aditional aplication of 2.5% after 
two cultivation. Spinach (や inadωler・'Qceacv. Parade) w seeded30拙 
days a恥 rcompost創 nendmenton血 e曲 stcropping and 10 days aftぽ 
each cropping from the second and third cropings. Disease severity 
was evaluated at 30伽 ysa恥:fseedingb蹴 :don visual symptoms using 
the index of 0-3; where 0，healthy and asymp加 maticplant; 1，伽坑同ro 
leaves of社leplant were cholorotic and wilted; 2，2/3 of the的胞 1plant 
was cholorotic and wilted; 3，more由 an2/3 of the plant wilted or dωd. 
Dise蹴 severityw;剖 calcl印刷 accordingto the following formula: 
Disease severity: 
エ (Dis側 eindex Xωrresponding number ofplants) X (1ω1/3) 
Xtotalnumbぽ ofplants. 
Microbial Activity and Populations 
Soil samples for血 e国 sessmentof to阻 1microbial acti吋り 'andmi-
crobial populations wぽ etaken企om8 locations at a distance of 3ω4 
cmfrom吐leplant s総 min each container using a soil sanlpler (4 cm in 
dianleter，8 cm in dep血). S釧 plesfrom each co脚血 erwere pool叫 
put into polyethylene bags and stored at 4
0C until山 e. The samples 
we問 mixedthorough1y pri倒的制 alysis.To阻.1microbial activity wω 
evaluated by measuring hydrolysis of :fluorescein diacetate (FDA) 
(Si伊la Chemical，Co.，St.Louis，MO) as described by Schnurer and 
Rosswall (1982). FDA hydrolyzed to fluorescein by proteases，lipases 
，mlFalcon Tube仏，put into a 5and esterases. Each soil sanlple (5g) was 
and then 15凶 of60 mM sodium phosphate bl蜘ゆ H7.6) and 0.2 
mlofFDA企om1∞o Ilglmlstock solution was added to initiate血 ere-
action. Each sanlple w拙 replic蹴 dfour times. For a blank， 0.2 ml 縦四 
tone instead ofFDA was added.百 lesemix加 reswere shaken on a m胞幽 
ryshaker (1ωo rpm) at room temperature for 20 min. Fiften刷出 ter 
action. Soil in the mixtures w郎 removedby filtration through a削 ter 
was deter，剛olyzedFDA ，世 Millex@-GV). The anlount ofhy，(0.45μm
mined by measuring吐leabsorbance at 490 nm with a spectrophoω，me-
ter (BECIO.仏 NDげ -65印刷・ ophoωmetぽ). 
百貨 'emicrobial groups inc1udingω阻 l白 ngi，ba刷β:ria 肌ndaωC位出1 子目齢ct旬制 a 削omy
were 肌1 ぽrぽte おethee自能ecぱf性由ledi日酌er放tωmpcetes em削une悶a吋dtωodet側 nin は:10 悶en 仰os附お 
制肌刷吋dωm岬 poS 叩iflSO同m附iぽ.叫 O 臥a ple(25 g) was 1 倒側坑tn取伽附℃耶so叩則仇iln悶附α 仰 m.Echsωoils削郎吋帥， 
put inωa sterile 500-ml Erlenmeyer ftask， and suspended in 250 ml 
dis甘ledwater sterile water to 1 X 10-1 volume. Flasks were shaken on 
am胞巧 rshaker (100 rpm) for 30 min，and dilutions ofthe samples 
were made b地 replating on semi sel削 veagぽ media(fun創: Cza附 
peck-Dox with Rose Bengal medium; actinomycetes: on soil extract 
medium; bacteria:官lOmton's medium) . Plates were incubated at 250C 
，印刷my耐lObacteria and ac，llgi抗r2-3 days. Counting of culturableぬ， 
d肌nberof colony grown in each plate]]四e由，doneby counting郎W
exprl四 sedas CFU g -1 soil. Five replicate plates were used. 
Extraction 0/DNA and PCR-DGGE Analysis 
Soil sanlples we開制 ken企omallωn加 inerstwo mon仕lS a政立 com-
post制問伽 lent.Random sanlples (4-6 cor，出) from each co醐 iner 
were colec旬 dusing a Sanlpling tube. Pooled soil sanlples from each 
plot were wel mixed prior to analysis. 
Total bacterial community DNA w:加。 :xtractedfrom 5 g soilsanlple 
using the Fast DNA⑮ SP別 Kitfor Soil (Qbiogene，USA). The 
anlount ofDNA and q国防 W拙 asesedv臼田町 afterelectrophoresis 
in 2% agarose gel by e仕ridiumbromide staining. Total extracted soil 
DNAat1∞μ1 disolved with TE bufer was anlplified in a PCR官 ler-
mal Cycler MP (取札 Japan)wi仕1 the universal prim町 setfor 16S 
rDNA: P問 A338ιGCand PRUN51街 (M明 eret. al.，1993 ).百 le 
PCR reaction w;加 conductedin 50川 ofthe reaction r加 xturecon脇町刷 
ing2μ1 of extracted DNA diluted at 1:250 as a template，25μlofPr，か 
mix Taq，and 1∞pmol of each primer. The reaction w回 progranImed 
at an initia15 m血 dena加 rationat 94 Oc and was followed by 30 cycles 
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of 1 min at 95 oC，1 min at 56 oC and 1 min at 72 oC. Thermal cycling 
W拙 completedwith an extension s防 pat 72 oc for 5 min. PCR prod同 
ucts were electrophoresed on a 2% agarose gel in 1 X Tris-acetate 
(TAE) buffer and stained with ethidium bromide. 
DGGEw:拙 performedwi自由 .eDCode System (Bio長叫 USA). 
Two microliter of PCR product W:出 loadedon polyacrylamide gels 
with a denaturing gradie則 of40% (7% (w/v) acrylamideゐ isacryl-
amide (37.5:1)，3.36M urea，3.2% formamide)ω60% (7% (w/v) 
acrylamide-bisacrylamide (37.5:1)，5.04M ur肌 4.8%formamide) 
with 1 X TAE and run for 4 h at 60
0
C and 150 V. A動 :erstaining of吐le 
gels wi由 andethidium bromide for 30 min，gels were scanned and ex:剛 
amined then pho的抑 phunder UV light. 
Effect o[ Compost Amendment on Fos Spore Germination 
Soil direct向 ngistasisof compost -amended soils was assayed by 
measuring the suppression of spore gem加 latIon.百 reexperiments 
were caried outωdetermine吐leefect of compost amendment on出。 
germin油 onof conidiospores or chlamydospores部品目。IWS: 
Germination 01conidiospores in soil extract 
百 leextract was obtained :from field soil amended with compost 
(5% w/w) ，incubated for 1，2，3，and 4 weeks by adding distiled wル 
ter to each soil (1:1 v/v).官 lesoil剛， watermixtures were stired thOJ:欄 
oughly and allowed to s旬 ndfor 4 hr.百 lesuperna加 ltwas伽 tfilter吋
仕rroughFilter paper (Toyo，No. 2) and社lenasepticaly社lOughaMili幽 
pore membrane削除 r(0.2μm). The ex剛 W出せ lenpipe伽 dinto仕le 
cavity gl出 sslide. Twenty microli鉛:r ofFos spores (2 X 105 spores ml-
1)附 addedinto枇削 tyconta凶 ng也 eextract. The concavity slides 
were出 enincubated in a petri-dish moist chamber for 12 hr at250C and 
examined under the light microscope at X 100. Five replica鉛 slides 
were used for each treatment. 
Germination 01conidiospores on soil sw:fiα'ce 
Sp町 esuspensi叩 (2X 105 spores凶一 1)pr叩町 'edωdescribedpr'令l
viously wωpipetted into a glas slide previously covered with Water 
A伊 (2%)and allowed to向rfor 4 hr.Five water agar slide adhering 
由 .eFos spmωwas then incubated up side down on the surface of由 e 
soil amended with composts. Each slide consti加 .tedone treatment and 
replicated five白 nes. After 12 hr of incubation at 250C spores were ex:剛 
aminedbys加 .iningwi由 lactophenolacid fuchsine s旬 mingsolution. 
Germination 01chl偲 nydosporesburied in soil 
Fos chlamydospores (2 X 105 cels凶→) ob阻血 edas previously 
醐世 onedwere s叫 .edin a celul蹴 tube(w.北'0 Se制 esCelulose 
Tubing) and we悶 inな oducedinω5ωgof compost-amended soil and 
incubated at 250C for 12 1官'. For light microsωpy examination on the 
number of germinated chlamydospores in compost trl聞記 dsoil，the cel-
lulose tubes w町 ecovered :from each soil and stained with lactophenol 
co枕 onblue staining solution a:fter opening the tube.百 letrea加 lenお 
consisted of five replica附 each. 
Statistical Anαlysis 
S刷 sticalanalyses of da臥 wereperformed on Statistical Analysis 
Sy蜘 ms Institu舵 mc.Ver. 4 ( 2ωo ).刊 esi伊働組 tdiference be-
tween biological properti倒 ofcompost amended soils and disease se-
verity at the end of each bioassay W:加 assessedwith analysis of vari聞 
ance and means were separated by least significant di能 :rence (Pロ 
O.ω)四 19Tukeyゐ 'amertest. 
1. Results 
Suppressiveness and Biological Properties 
o[ Compost-Amended Soils 
The severity ofFusarium wilt disease in spinach plants w notsup出 “ 
pressed on出 efirst croping. However，抗 wasefectively suppressed 
on the second and third croppings (Table 1). The most notably sup-
p即 sivecomposおW町 echicken manure compost， wheatbran and saw聞 
dust compost加 dn由加 1・eofdi俄 :rentcompos飴 wi吐 1and without 5% 
crab shel powder，where the mixture of the differentωmposts dis-
played to be the most suppressive and promotβd plant growth (data not 
shown) . Although there were no dis伽 guishabledi能:rencesamong 
compost trea加 lents，出 ecomposお displayeda certain degree of disease 
suppression社latweredis肱 19凶 shable企 om由 atof the unamended soil. 
Total microbial activity measured by吐lehydrolysis of FDA per unit 
volume was higher in the compost欄 amendedsoils especialy in the 
mixtureofd出 erentcompos臼 thanin the unamended control soils :from 
the second cultiv州 ononwards. Generally，higher number of culturable 
fungi，bacteria and actinomycetes were observed in the compost酬 
amended soil compared to the unamended soil. Moreover，for most 
compost treatments population of bacteria and白 ngiwere enhanced 
more由 m吐lenumber of actinomycetes. Pop吐 ationsof actinomycetes 
did not increase much by any trea加 lent. 
Molecular Structure o[ Bacterial Communities in Compost 
Amended Soil 
To analyze吐lee偽 ctof仕 ledi自己:rentcompos的 andcompost mixes 
on the bacterial communi恥 s，high molecular mass of DNA w制似削 
tracted企 omsamples ob阻 ined企 omrandom sampling :from each of the 
soil amended with each compost treatment. Genetic fingetprinting by 
PCR聞 DGGEofbacterial16S rDNA amp凶 edfra餌 nentsof soil DNA 
showed a complex DNA banding pa枕 ern，with some strong bands， 
some oflower intensity and a number ofaint bands. Compost amenι 
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ments produced considerable shift or changes in bacterial commUI甘句 f resented by a large number of resolved weak but stil distinguishable 
Th 1. reωillustrated in Fig. 加struc e appearance of吐 ledi能 rent and si伊 lils appearing from由 e smear in由。 background.官邸 would indト 
complex bands in the amended soil comparedω血 eun創 nended soil cate血 atmany equally abundant pop叫 ations initialy r叩 resented由 e 
indicates an alteration of the ab叩伽 n∞ ofthe bactβ:rial groups. Vi sual bacterial community. However an increasing diversity ofbanding pat聞 
inspection of DGGE banding pa伽 ms rev'閃 led白紙 at吐 lestart of the tem was evidenced over由 ne accompanied by the appearing of more 
experiment曲。 community s加 lC加 re of bacterial populations was rep幽 mぉ :nse， dominant bands in compost amended soils， indicating a com幽 
鉱油micr，Disease severity1. Table ialactivi句 Tand microbial pop叫 ationin compostnendedsoil 
Compost Cultivation1 
DM---AEtv
内局間判 
仙 
i附・咽 
M E A
閣 ザ Microbial Microbial population 
act1 vlty (LoglO CFU-1g soil) 4 
Unamended 98.6a 
(hydrolyzed 
FDA 19 -ldry 
soil) 
O.34a 
Fungi 
5.5a 
Bacteria Actinomycetes 
6.5 a 5.8b 
soil 2nd 98.5a 0.3 9b 5.7a 6.5a 6.0ab 
3 rd 99.6b 0.3 9b 7.6b 7.2b 6.5a 
Wh eatbran 87.2a 0.4 8b 5.7a 6.6a 5.4 a 
(Wb) 2nd 
3 rd 
65.3b 
56.8b 
0.4 5b 
0.4 8b 
5.6a 
6.4 a 
7.3 a 
7.9a 
5.8a 
6.5a 
Wheatbran 
te o  咽 'i 85.1 a 0.3 3b 5.9b 6.2b 4.3 b 
& sawdust 2nd 50.2b 0.4 2ab 6.7a 7.8a 6.0a 
(Wb Sd) 3rd 40.3 bc 0.4 7a 7.9a 8.l a 6.4 a 
Coffee 
t 自 110
90.3a 0.4 8ab 5.0a 6Jb 4.5a 
grounds (Cf) 2nd 53.7b O.50b 6.7a 7.7b 5.8a 
3 rd 40.3 bc O.58a 6.9a 8.0a 6.3 a 
Chicken 86.l a 0.4 7ab 5.7ab 6.4 b 5.6a 
manure 2nd 50.5b O.53a 6.4 a 7.6a 6.0a 
(Cm) 3 rd 27.5c O.57a 7.5a 8.0a 6.8a 
Crabshell 88.7a O.22a 5.3 b 6.6ab 4.3 b 
(2.5%) 2nd 69.3 b O.39b 5.8b 7.9a 6.5a 
3 rd 53.7b 0.4 1a 7.4 a 8.0a 6.7a 
Mixture 88.8a 0 .42a 5.4 b 6.0a 4.6a 
(Wb Sd + Cf 2nd 35.2b 0.4 1a 6.8a 7.3 a 5.5 a 
十 Cm; 2:1:1) 3 rd 28.8c 0.4 9bc 7.6a 7.9a 5.9a 
Mixture + 86.5a 0.2 5b 6.4 b 6.7ab 5.4 a 
5% crabshel1 2nd 38.2b 0.4 6a 7.5a 8.0a 6.0a 
powder 3 rd 28.5c O.50a 7.9a 7.9a 6.5a 
lCultivation was conducted thre times; soil was amended with 5% (w/w) compost before the first cultivation and 2.5% 
before the third cultivation. 

2Average disease severity rating obtained after each cultivation evaluated on a scale of 0-3; where 0 healthy and 3 plant 

wilted or dead. Numbers followed by the same leter are not significantly diferent atPく 0.05by Tukey-Kr amer's test. 
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positional shift towards the dominance ofbactβrial populations after 2 
mon也 sfrom compost application. 
Effect 01CompostAmendment on Fos Propαrgul側
明 leres叫 tsofthe experiments revealedthatthe e:fect ofsoil extract 
on spore genninationwωveryminimalwhenthe extractwas obtained 
at 1-2 weeks after compost amendment‘ Spore gennina討onhowever 
showedωhave been suppressedwhen soil剛 compostwater extractwas 
ob胞加。 d3t04wω:ksafterωmpostamen伽 lent(Fig. 2) .白1血 eo血 er
hand， incubation ofFos spore on s町 faceofcompost欄 amendedsoil did 
not afect much the propa，伊 legennination (Fig. 3). Thee飾 ctwas 
very smal in al composttreated soil.None ofthe soil欄 compostmixes 
displayed strong suppressiveness al伽 oughoutthe incubation. How聞
evぽ~ in an expe巾 ne附 usingchlamydospores，gl側 ninationw:ωgener-
aly suppressedby the dif自 :rentωmpostsexc叩 ttheαabshell powder 
whichhad aminimal e自己 ct， whenpropagules were buried inωthe soil 
(Fig. 4). Thee能 ctofcompost on the gennin州 onofFos chlamydo閑 
spore wωless when由 eywere in仕 oducedinto the soil compost mix 
immediately after compost aplication. The evident e:fect was ob-
served when the chlamydospores were introduced four weeks after 
compost amendments.百 legennination ofFos chlamydospore was 
strongly suppressed in the co自己 ecompost，chicken manure compost 
especialy inthe compostmixes with andwithout crabshel1powder. In 
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Fig. 1 Dynamics of total bacterial populations in soi1s amended with 
compost one month a自rercompost amendment. DGGE fingerprints 
of 16S rDNA sequences amplified with the primer pair 338ιGC 
and PRUN518r from soil extracted community DNA. Lane1・ 
unamended control soil，lane 2wheatbran，lane 3wheatbranand附 綱 
sawdust，lane 4co町 eegrounds c，lane 5chickenmanure，lane 6嗣 闘 
・ crabshel powder，lane 7mixtureof composts，lane 8mixture幽 剛 
ofcompost with 5% crab shel powder 
4EEAハハυυ 
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C 
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、 ~b， 
。ミ_:， 60 ロ
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g 
d 
c3 40 
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a，a，a，a 
剛制捜幽醐 Crabshel powder (2.5%)20 
一色ー-Mixture (WbSd+ Cf十 Cm;2:1:1)。 
2 3 4 

Weeks after compost amendment 

80 
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al expe出 nents，none of the compost amendments incre回 edthe propa-
伊 uenumbers by enhancing germination of either spore or chlamydo-
spore of the pathogen. 
IV. Discussion 
百lIsstudy shows that compost amendments suppressed Fusarium 
wilt development when applied 5% (w/w)ぽ 30days before the first 
cultivation and 2.5% after the second cultivation.百 leresults we ob嗣
白血 edcorroborat側負lf仕lerwith吐lereport ofHoitink et al. (1997)血幻
自 .esuppressiveness of composts increωed when composts are inco叩 0-
rated in the field or into the soil several months before planting and 
withcomposお ofdi自己 :rentcompositions. A1社lOUghdisease suppression 
W部 notevident during the耐 stc叫 .tivation，diseru叩 severityin compost-
amended soils was lower and distinguishable from that of the u恥 
amended soil where microbial population and microbial activity wω 
higher.官邸 trendwas particular1y apparent in the composts mixes. 
百lIsmight be influenced by吐lediverse soil environment in which加 
innumerable soil microorganisms exists，出 atnaturally inhabited the 
di偽:rentorganic materials and is atributed to incre蹴 ddisease sup幽 
presion. Compost aplications esentialy enhance the population of 
由 esoil microflora and increase microbial ac刷町 yof the soils (Bailey 
and Lazarovits，2003). In our experiment，compost application In-
creased soil microbial activity and microbial populations particularly of 
bacteria，:fim，説 andactinomycetes. Among社lemicrobial groups，bacte-
rial population w拙 a民 ctedmuch more th:初出 enumber of :fimgi and 
actinomycetes and this was particularly pronounced in the compost 
mixes.百 lissuggests由 atlower disease severity app町 entin the sup-
pressive composts is associated wi由出 ehigher microbial pop叫 ation 
and activity in the amended soils. One posible explanation for由 isdis酬 
ease suppression is through competition between various microbial 
groups (伽 gi，bacteria and actinomycetes) and F. o.柳 orumf sp. 
伊 inaciae.This was further documented by Nelson and Hointink 
(1983)，who postulated that an increase in competition and antagonism 
創 nongmicrobial populations and activity has been a mechanism of ac幽 
tion for disease suppression in compost amended soils. Suppression of 
the disease by compost amendments mainly involved the highest mi-
crobial activity and miαobial population. 
A1l oftheωmposts induced shifts in the bacterial comm山首句 rstruc嗣
加 resin吐lesoil.Dep叩 dingon the amended soil，these e飴 ctscould be 
followed by an increase in microbial population andlor activities wi出 
corresponding decrease in disease severity. The bands in the DGGE 
profiles represent the dominant microbial population (Muyzer et al.， 
1993) .百 ledominant bands showed by仕leDGGE banding pattems of 
16S rDNA comm山首句rprofiles based on a general bacterial primer pair 
revealed complex profiles indicate也 erelative abundance of highly di開 
versi姐自 e吋dbacterial gro伊 S加 each c叩up ∞ompost.網剛舟批. 
tinct changes of the 郎:sobserved， we suggest that也町 e鴎 DGGEpro自剖le are 
several dominant groups of bacteria，which are relatively stable，inde圃 
esuppressive 白血undpronounced品，lentsand was仕切加pendent of 
compost and compost mixes.百 ledifference in the banding pattems 
between amended and non幽 amendedsoils suggested that shifts induced 
in the microbial community struc加 resand microbial population were 
due to由 estimulation of the naturaly inhabiting soil microflora. Evi-
dents出 n叫 ationand high divぽ sityof the microbial population particuω 
larly with the bac胎 rialgroups in the compost倫倒 nendedsoil was ob-
served but the type of compost did not seem to influence the 
composition of the commru甘句r.百 leseresults suppo此 thecommonly 
held view that仕鳩山 eof composts boosts agricultura1 soil biodiversity. 
Moreover，抗 isknown出 atthe adition of di班町 'entsources of organic 
matぬrmay greatly a自己 ctsoil miαobes，and may alter the natural com幽 
m山首。 rof antagonistic microorganisms由 usproviding a potentia1y af-
fective form ofbiological ∞ntrol of soilbome plant pathogens. 
百 leobserved supp問 sionon血 .egermination of F ospropa伊.uesin 
compost幽 amendedsoils demons加 tesa s仕 ong血 ngis加 .ticcapacity of 
the soil.百 lesuppressive e自己 ctof composts on propa伊.uegermination 
was observed from the second week a武ercompos amendment and 
lasted for four weli可 dur加 g由。 exp町 iment.羽lIsdisplayed that spore 
germination esential for infection to the host and subsequent outbreak 
ofthe dise出 eis kept under strong suppression in由 ecompost鉱 nended 
soil. Thus，the mechanism of the suppression was considered to be due 
or in part to the improved soil血 ngistaticcapacity and may be derived 
from competition of nutrients among microorganisms and an脇 gonism 
bydi偽:rentgroups of microbes. Therefore our s加 .diωd側 lonstrate出 at
composts strongly influence soil biological properties. It increased soil 
microbial pop叫 ationeither through the s出lUlationof吐lesoil micro削 
flora，an input of the compost microflora or a combination of both， 
leading to血 eactivation of soil miαobial activity.百 leactivation of the 
soil microflora by composお consequentlyresulted in the induction of 
the diversification of the miαobial population in the soil. It stimulates 
the indigenous microbial population and consequently afects pathogen 
development. This strong influenωin microbial population and activity 
might have elicited吐les佐伯併 lened白 ngis同 .ticcapacity of soils lead酬 
ingto也 esuppression of germination and grow世lof吐lepathogen prop-
a伊 u凶 esentialfor disease initiation and outbreak，which eventually 
resulted in plant disease suppression. 
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コンポストの施用が土壌中の微生物群集およびホウレンソウ萎凋病菌に及ぼす影響 
Gina M. Edurise Escuadr・a1) • 千業大学大学院自然科学研究科 
2)千葉大学大学院園芸学研究科
1)
宇佐見俊行2)・雨宮良幹2) 
摘要
種々 の有機質素材からなる堆肥を用い、 Fωarium 0.有ysporom f.
sp. spinaciae~こよって引き恕こされるホウレンソウ萎凋病の発
病に及ぽす景縛を評価するとともに、土壌中の微生物と病原菌
に対する景縛について調査した。 糊巴はコムギブスマ、コムギ
ブスマ・オガクズ、コ…ヒー粕、鶏ふん、およびこれらの混合
物にら%のカニ殻粉末を無添加または添加したものを供試し
たO 各堆肥を病原菌汚染土壌に 5% (w/w)添加し、その30日
後からホウレンソウを約 1ヶ月ずつ連続して栽培し、 2作後に
は堆肥をさらに2.5%追加施用した。その結果、各堆肥施用区
とも 2作目以降から発病が顕著に抑制されるようになり、特に
混合堆肥施用肢で、その効果が高かった。 FDA(fluoresceIndiace-
白紙)分解常性を指標に土壌中の微生物活性を調べたところ、
これらの堆肥施用土壌ではいずれの栽培時においても無処理の
土壌に比べてその値が高く、希釈平板法で検出される糸状菌、
細菌、放線菌の密度もそれに対応して増加していた。これら微
生物群の中で、は細菌の増加が特に顕著で、あった さらに、細菌O
を対象としたプライマ…を用いてPCR-DGGE(denaturing gradト 
ent gel electrophoresis)角材庁を行った結果、堆肥施用に伴っ
壌中の細菌群剣葉遣が多様化していること州司えた。また、堆
肥を施用した土壌ではいずれも無処理の土壌に比べて病原菌の
胞子発芽治市附リされる傾向が見られた。以上の結果より、 t倒巴
施用に伴う発病抑止機構のーっとして、多様化・活性化した土
樹放生物の競合や姑抗など様々な機能の総合的作用によって土
壊の静蘭作用が強化さオL病原菌の活動治宝抑制されることが考
えられた。
